[Purpose] The purpose of this study was to investigate the plantar foot pressure distribution of stroke patients while crossing obstacles of different heights.
INTRODUCTION
Stroke is a common disease that causes damages to the central nervous system and it is one of the major causes of somatic disorders. Although motor functions are improved to some extent through natural recoveries over several months after the attack of the disease, stroke patients commonly have movement disabilities of the extremities on the opposite side to their brain damage 1 , 2 ) . In particular, gait dysfunction is a factor that makes individuals' daily living activities difficult and it is a cause of very serious functional disorders.
Gait is the most basic movement of the human body aiming at locomotion and is a process in which all systems of the body are used including the nervous system and the musculoskeletal system. Gait coordinates alternative movements to move the body in a certain direction while maintaining speed through mutual cooperation of many skeletal muscles and joints of the upper and lower limbs 3) . Obstacle crossing includes conversion from gait into posture to cross obstacles and requires harmonized contractions of the lower limb and trunk muscles. Stroke patients have difficulties in crossing obstacles and this contributes to their high rate of falls 4) . Therefore, obstacle crossing or obstacle walking is imperative in gait training for stroke patients 5) . Through the measurement of plantar foot pressure, the static pressure and dynamic pressures of the foot can be quantified and the pressures imposed on certain regions of the foot in diverse motions and functional activities can be observed. Through this observation, the impacts delivered to individual regions of the foot can be accurately assessed and analyzed to provide information useful in diagnoses and treatments of injuries and as an index of the progress of treatments 6) .
M o s t s t u d i e s o f p l a n t a r f o o t p r e s s u r e measurement related to obstacle walking have focused on changes in plantar foot pressure in relation to increasing age, and studies of stroke patients who have relatively high risks of falls are very rare. Therefore, this study was proposed to identify the distribution of the peak plantar foot pressure of the paretic lower limb and the nonparetic lower limb in relation to the heights of obstacles in obstacle walking, which is one of the major causes of falls among stroke patients, in order to prepare basic data for safer and more efficient obstacle gait training.
SUBJECTS AND METHODS
The subjects of this study were eight right hemiplegic patients. A description of the purpose and method of this study was provided to them before the experiment and the experiment was conducted after receiving the subjects' voluntary agreements. The subjects were selected from patients who had been diagnosed as having suffered a stroke at least 6 months earlier, and who had no orthopedic or neurologic diseases that might cause trouble to balance or gait. Their average age was 55.93 ± 0.3 years, height 168.34 ± 3.5 cm, weight 68.12 ± 2.1 kg and foot size 262.13 ± 1.4 mm.
To measure the plantar foot pressures imposed during the stance phase by different obstacles heights, RS-scan system (RS scan Ltd., German) in a 2 m long plate was used. The RS-scan system can analyze peak pressures by region while patients are walking on the 2 m long plate 7) . The plantar area is divided into 10 regions (Fig. 1) . Data of pressure distribution during walking were collected at a rate of 126 frame/sec using the Footscan 7 gait 2 nd generation which is a commercial program of the RS-scan system.
Before starting gait training, the body weight of the subject was measured and entered into the program and the subject was asked to stand on the pressure measurement plate for 10 seconds without moving to correct the body weight. Obstacles were made: 1 m long, 3 cm wide with the heights of 0 cm, 10 cm and 20 cm. The subjects were instructed to walk on a 10 m long and 1 m wide road with bare feet on the verbal command of 'Start' at a speed of 8 0 m / m i n a f t e r p r a c t i c e w a l k i n g u s i n g a metronome. The heights of the obstacles were randomly decided. Each experimental task was performed three times and the average value of the results was adopted.
To examine changes in plantar foot pressure in relation to the heights of the obstacles, the peak pressure values by region were measured and analyzed.
The peak plantar pressure values by region were collected from three measurements under each condition and the mean values were used. One-way ANOVA was used to compare the peak plantar pressure values of each region among the different obstacle heights. LSD was used for a post hoc test and values of <0.05 were considered statistically significant. A commercial statistical program, SPSS 12.0, was used for the statistical processing of the data. Table 1 shows the peak plantar pressure values by region of the plantar of the paretic lower limb in relation to the heights of obstacles crossed in walking. In the T1 region of the toe regions, the peak plantar pressure values increased remarkably w h e n g o i n g o v e r 1 0 c m o b s t a c l e s w h i l e considerably lower values were recorded in the case of 20 cm obstacle (p<0.05). Based on the results of post hoc tests, there were significant differences between 0 cm and 10 cm obstacle walking and between 10 cm and 20 cm obstacle walking (p<0.05). In the T2-5 region, no significant differences were shown between any of the obstacle heights. In the M1 region of the metatarsal regions, high peak plantar pressure values were shown in the 10 cm obstacle walking, but a decrease was shown in the case of 20 cm obstacle walking (p<0.05). Based on the results of post hoc tests, there were significant differences among all cases (between 0 cm and 10 cm, 10 cm and 20 cm, and 0 cm and 30 cm) of obstacle walking (p<0.05). In the M2, M3, and M4 regions, remarkably higher pressures were shown in 10 cm and 20 cm obstacle walking compared to 0 cm obstacle walking (p<0.05).
RESULTS
Based on the results of post hoc tests, there were significant pressure increases between 0 cm and 10 cm obstacle walking and between 0 cm and 20 cm obstacle walking in the M2 and M3 regions (p<0.05), but there was no significant difference between 10 cm and 20 cm obstacle walking (p>0.05). In the M4 region, the peak plantar pressure values increased greatly with increase of the obstacle height (p<0.05). Based on the results of post hoc tests, there were significant differences between 0 cm and 10 cm obstacle walking and between 10 cm and 20 cm obstacle walking (p<0.05). In the M5 region, the peak plantar pressure values increased with increases of obstacle height but they did not show any significant differences. The MF, HM, HL regions showed no significant differences in peak plantar pressure values (p>0.05). Table 2 shows the peak plantar pressure values of the non-paretic lower limb in relation to the obstacle heights of obstacle walking. The peak plantar pressure values in the T1 region of the toe regions showed significant increases as the obstacle height increase (p<0.05). Based on the results of post hoc tests, there were significant differences between 0 cm and 10 cm obstacle walking and between 10 cm and 20 cm obstacle walking (p<0.05). In the T2-5 region, no significant differences were shown between any of obstacle walking condition. The peak plantar pressure values in the metatarsal regions showed significant differences for the M1 region and based on the results of post hoc tests, there were pressure differences between 0 cm and 10 cm obstacle walking and between 0 cm and 20 cm obstacle walking (p<0.05). However, there were no significant differences in the pressure values in relation to the obstacle height for any of the M2, M3, M4 and M5 region (p>0.05). In the MF region, the plantar pressure values showed significant decreases as the obstacle height increase (p<0.05), and based on the results of post hoc tests, there were significant decreases between 0 cm and 10 cm obstacle walking and between 0 cm and 20 cm obstacle walking (p>0.05). In the HM and HL regions, high pressures were shown in the case of the 10 cm obstacle but the pressure decreased for the 20 cm obstacle. Based on the results of post hoc tests, there were no significant differences related to the heights of the obstacles.
DISCUSSION
Stroke patients have difficulties in walking due to inefficient movement pattern, lack of stability, and pain caused by inappropriate postures which are characterized by reduced stance phase time, reduced weight bearing and increased swing phase time. Many studies conducted so far have used temporal characteristics, spatial characteristics, 3D motion analyses, surface EMG etc to analyze the gait characteristics of stroke patients. Recently, studies using measurement of plantar foot pressures have been conducted. However, most of them have studied the changes in the gait characteristics of normal persons, changes in pressure in relation to changes in heights of obstacles, plantar pressures of diabetes patients and patients with peripheral neurologic diseases or arthritis [8] [9] [10] [11] . The plantar pressure in the gait of hemiplegic patients who are greatly restricted in their daily lives by gait disturbances and who are at high risk of falls have been little analyzed and in particular, few studies have been conducted on the relation of the plantar foot pressures of the paretic lower limb and the nonparetic lower limb with the heights of obstacles. In light of this, this study was conducted to examine the characteristics of stroke patients' gaits when they walk on level ground and when they cross obstacles of different heights through the peak plantar pressure values.
The peak plantar pressure values refer to the peak pressure values by region appearing when the plantar comes into contact with the ground. In preceding studies, as the heights of obstacles increased, the peak plantar pressure values showed an increasing tendency in the fore-foot region, small changes in the mid-foot region and a generally decreasing tendency in the rear-foot region 8) . In this study, the peak plantar pressure value of the paretic lower limb during the stance phase showed remarkable increase in the T1 region of the toe regions in 10 cm obstacle walking, but it was considerably lower in 20 cm obstacle walking; no significant differences were shown for the T2-5 regions. In the M1 region of the metatarsal regions, high peak plantar pressure values were shown during 10 cm obstacle walking but it was less in 20 cm obstacle walking. In the M2, M3 and M4 regions, remarkably higher pressures were shown during 10 cm and 20 cm obstacle walking compared to 0 cm walking. In the M5 region, the peak plantar pressure values increased as the obstacles height increased but no significant differences were shown. In the MF, HM and HL regions, no significant difference in the peak plantar pressure values were shown between different obstacles height. This result was similar to the results of preceding studies on the distribution of the peak plantar pressure values of normal adults in relation to the heights of obstacles 8) . This result means that support on the paretic side contributes to stability during obstacle crossing 4) . The peak plantar pressure values of the nonparetic lower limb during the stance phase showed significant increases in the T1 region of the toe regions as the obstacles height increased. However, no significant increases were seen in the M2, M3, M4 and M5 regions. The MF region showed significant decreases in peak plantar pressure values as the obstacles height increased. In addition, the plantar pressure values of the HM region and the HL region of the heel regions showed an increase in 10 cm obstacle walking and a decrease in 20 cm obstacle walking. This result is contrary to the result from the paretic side during the stance phase. We consider the reason for this is that an increase in the height of the obstacle required a wider range of movement of the paretic lower limb; thus, higher force was required in the toe region of the nonparetic lower limb during the swing phase of the paretic lower limb.
In conclusion, we consider that, when stroke patients attempt obstacle walking in their daily lives, crossing obstacles with the non-paretic lower limb while supporting the body with the paretic lower limb would be a more stable and efficient obstacle walking strategy. In addition, we consider that obstacle gait training should be accompanied with training for the paretic lower limb in the swing phase.
